Introduction
Porcelain teeth have been widely used in restorative and prosthetic dentistry because of their fine natures in aesthetics and hardness as an artificial denture. Among them there are some to which the uranium compounds have been added in order to simulate the fluorescence of the natural teeth.
Recently, it was pointed out by several researchers that the radiations from uranium and its descendant nuclides might well exceed the dose limit [1] to the public recommended by ICRP. O'Riordan and Hunt [2] reported the results of their analysis of twenty porcelain powders of five brand names using G-M counter, which suggested the mean uranium content of 410 ppm and the maximum of about 1000 ppm. They recommended that the use of uranium as a fluorescer should be discontinued and that non-radioactive fluorescers should be developed. In 1976, Thompson[3] determined the uranium contents of the porcelain teeth and powders used in USA by NaI(T1) detector coupled to a multi-channel analyzer, and found some of them contained uranium with concentrations higher than the limit [4] of 0.05 percent (500 ppm) for license-exempt use in ceramics. He presented recommendations regarding substitution of non-radioactive agents and interim guidelines on the maximum permissible concentration of uranium in dental porcelains.
Radioisotope
Research Laboratory, Nihon University
School of Dentistry, Tokyo. In the present study, the uranium contents of typical porcelain teeth marketed in Japan were determined by the fission track method [5] .
Materials and Methods
Four brand products of porcelain teeth from three companies (3 Japanese and 1 USA), widely marketed in Japan, were submitted to analyses . The anterior teeth were selected and analysed.
The samples of porcelain teeth were sliced into about 1 mm thick specimens (see Fig. 1 ) to reduce the induced radioactivity, and the labial side of the specimen was covered with the annealed mica as a track detector . Standard sample was prepared as follows. A known quantity of uranium nitrate solution was added to the matrix of silica gel powder for thin-layer chromatography , and after being dried, which was mixed thoroughly in an agate mortar. The mixture was mounted on a sample holder (see Fig. 2 ) consisted of an acrylic resin plate (5 mm x 30 mm x 1 mm thickness) containing 6 holes of 2 mm diameter. The thermal neutron irradiation was carried out for from 10 minutes to 12 hours with Rotary Specimen Rack of TRIGA mark II reactor at Institute for Atomic Energy Rikkyo University. After cooling for 1 week, the mica foils were taken from the porcelain teeth and the acrylic resin plate, and etched with a 46% hydrofluoric acid solution at room temperature for 20 minutes. The number of tracks (see Fig.  3 ) for each sample was counted in 15 different randomly chosen microscopic fields. The mean number of tracks for individual sample was compared with that for standard sample, and the uranium content was calculated.
Calibration Curve The following two different procedures were made in order to compare the difference of matrices between porcelain teeth and standard samples. (i) Standard samples prepared by adding the known amount of uranium to the porcelain powder instead of silica gel powder, and (ii) those prepared by baking the samples made by procedure (i). As shown in Fig. 5 , the results of fission track density of the samples prepared by (i) agreed well with those using silica gel powder as a matrix, but the samples of the procedure (ii) showed greater track numbers by a factor of 1.24 due to the volume shrinkage through baking. In the present study, therefore, the uranium content was determined by multiplying the correction coefficient 0.806 to the values obtained by the silica gel method.
Results and Discussion
The uranium contents in the porcelain teeth determined are given in Table 1 . Among four products studied, Trubyte Bioblend made in USA frequently showed higher concentrations, and those of the Japanese three products indicated comparatively lower concentrations in most cases. Uranium levels in the porcelain teeth of Trubyte Bioblend measured in the present study were about half of those of the U.S.porcelain teeth reported by Thompson[3] . The reason of this might be that depleted uranium compounds are added to the porcelain teeth made in USA, when the fission track method is employed in uranium determination, depleted uranium gives lower value than natural one. No consistant significant correlations were observed between color number and uranium content. 
Conclusion
Levels of uranium in porcelain teeth of four products marketed in Japan were studied by the fission track method. The mean uranium contents of them were 3.6 ppm in Shofu Ace, 18 ppm in Shofu Real, 9.4 ppm in G-C Livdent and 82 ppm in Trubyte Bioblend, and the mean uranium contents of Japanese three products were lower than that of USA.
